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1. INTRODUCTION 

The spectral efficient and energy-efficient requirements are necessary to satisfy the explosive 
increase of mobile user in wireless system with high-rate services. However, high spectral efficiency (SE) 
cannot be achieved since the fixed spectrum allocation strategy is adopted. Unfortunately, 30 percentages of 
the licensed spectrum in the United States is fully occupied as the report from the Federal Communications 
Commission [1]. By allowing the primary network to share its frequency band with the secondary network, 
cognitive radio (CR) has been studied and hence SE improvement achieved [2]. In principle of CR, spectrum 
sharing paradigm permits the secondary users (SUs) to operate together with the primary users (PUs) at the 
same band and power constraint must be obeyed to limit interference impact caused by the PUs [3, 4]. 
Several techniques such as cellular networks, relay networks, and wireless sensor networks, benefit from 
implementation of CR to provide the potential SE improvement. 

To further provide massive connectivity, more advantages can be achieved by employing multiple 
access for mobile users. In particular, the network allocates resource to users by dividing the total radio 
resources with two underlying techniques, i.e. orthogonal multiple access (OMA) and non-orthogonal 
multiple access (NOMA). The interference can be eliminated in OMA scheme while NOMA employs 
successive interference cancellation (SIC) technique to alleviate interference from other users’ signal [5]. By 
exploiting the users’ channel asymmetry, NOMA can remarkably enhance the SE and then the transmission 
latency can be reduced [5-8]. The authors in [9] showed that the achievable rate region in the uplink NOMA 
is improved in comparison with OMA and such analysis is adopted in wireless powered communication 
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(WPC) networks. In [10], main results reported that NOMA with advantage of improved user fairness and it 
provide more benefits compared to OMA. It 1s further proved that NOMA performs better than OMA in both 
downlink and uplink by achieving the problem of joint maximization of the downlink/uplink rates while 
taking fairness between users is satisfied [11]. In [12], the authors presented energy efficiency in wireless 
powered NOMA networks and system performance is evaluated. In addition, recent works [13-22] 
considered advantage of NOMA to implement in emerging networks. In particular, this paper develops 
system based on results in [23-25]. More specifically, in this paper, we formulate the received signal at the 
secondary user (SU) which can extract the data signal by using SINR or SNR. The outage probability (OP) of 
the SU are analyzed in details in terms of probability of SINR and SNR. The results show that CR-NOMA 
provide fairness to two users in term of OP. 


2. SYSTEM MODEL 

We assume that the system model with a downlink dual-hop underlay cognitive 
radio—non-orthogonal multiple access (CR-NOMA) network shown in Figure 1, in which there are a primary 
destination (Pp) who is located in primary network (PN), a secondary source (BS), a relay (R) operating in 
half-duplex mode and two destination users (U1; U2). The wireless channels follow Rayleigh fading-channel 
u with channel gain 2,,. These channels assigned as in Figure 1 are ho, hi, g1 and g2, are independent and 
identically distributed (1.1.d.) zero-mean complex Gaussian random variables (RVs). Single antenna is 
assumed at each node. In this scenario, a perfect channel state information (CSI) is adopted. 
As Figure 1, the distances between nodes are denoted by ho, hi, g1 and g2. In CR-NOMA, the BS make 
interference to Pp, It is noted that R requires decode-and-forward (DF) mode to forward signal to far users. 
It is assumed that R is placed very far from the transmit primary source Pp and hence it cannot interfere with 
the primary network as shown in Figure 1. The power constraint for operations of both primary network and 
secondary network is considered in this context. 
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Figure 1. NOMA in cognitive radio network 


The transmit power at secondary source is set based on constraint as above consideration 
, I > 
Pgs < min (=, Pes) (1) 
0 


where Pps and I is denoted as the maximum average transmit power available at BS and interference 
temperature constraint (ITC) at Pp, respectively. We call a4, azas power allocation factors. In the first time 
slot, R received the following signal 


Vr(k) = h [y Pgsaısı(k) + ./ PgsQ2S2 (k)| + Np(k) (2) 


where hy~CN (0, Rro), hy~CN (0, 2,1), Np~CN (0, oÈ), it is assumed that a, > apnd a + a, = 1. 

By using NOMA, to detect signal s2 R decodes and removes s; from the received signal. Therefore, 
it need be determined the signal-to-interference-plus noise ratio (SINR) and signal-to-noise ratio (SNR) to 
detect s; and sz at R as follows 


pPBsarlhyl? 
= —— 3 
YR,sı pgBsazlhı|?+1 (3) 
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PB 
where Pgs = Æ 
OR 


YR,s2 — PBs@2 [hy |? (4) 


Then, within the second slot, R forwards the detected superimposed signal 
af Pray 81 (k) + ./Ppa2S2(k), where Pr is the transmitted power at R, §,(k)and 5,(k)are the detected and 
forwarded data to the respective receivers. Therefore, U; receives the following signal: 


yru,(k) = gil Parsi (k) + /Prazs2(k)| + neu, (k) (5) 
where i € {1,2}, gi~CNn (0, Qgi) and Np~CN (0, ofp, ). Furthermore, U2 implements SIC by detecting 
§,(k) while considering its own data §,(k)as a noise. The SINR of which can be written as: 


— pra1l921° 6 
Yruz2sı T PRa2|92|?+1 (6) 


P ee: ee : a8 
where Pp = =>. Then, by alleviate interference existing in (6) it can be detected the remaining signal. 
ORD 
i 





Therefore, to detects its own signal at U2 , SNR is given by 


YRU2,S2 — PR&2 LAK (7) 


It is worth noting that U; is allocated with higher power factor, sı has higher priority to detect compared with 
remaining signal, then SINR is expressed by 


pra1lg1l? 
— 8 
YRU4,S1 pRa2|g1|?+1 (8) 


3. PERFORMANCE ANALYSIS AND NUMERICAL RESULTS 
3.1. Outage probability analysis at user 1 

In this section, we examine the outage probability (OP) for sı and s2. In [10-13], the OP of a signal is 
defined as the probability that the achievable rate is below than a predefined rate threshold R;,,, 1.e., 
Py = PRIR; < Rir]. Therefore, the OP of sı can be derived as: 


SPE (min Leesa. | al Pe Va ra >A) 


Pasa [al a lgl 
—]— ns 1 U e PRY = 
Pes |h| +1 Pra |81| +1 


A, 





> Pa <P (9) 
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pa |h pra |g) 
| I L >y, RA - DNS a, 
p,a, |h + |h] Pra |8 +1 [| 


A 





I . i 

where p; = a and y4 = 27"1 — 1 is SNR related to interference and SNR related to target rate R,of user U, 
Pp 

respectively. Based on distribution functions of wireless channels, it can be expressed as: 


jug OVA fy (2 
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where w = ES In similar way, it can be computed the second part of (9) as: 
1 1 
A, =Pr hf > a hl Llef o] Lf (z \dydz 
7 Ji i ist ( Snp 
PR Bs (1 1) 
x Z lg Prf 1 y y 
Qa e "M d = Pin e PBs E “| PR 61 
P,Q), + 2A 


by replacing (9) by (10) and (11), (9) can be re-expressed as: 








_ vy V oe PT 2. a PI LEE i wv )- wp 
Py, =1—Je PBs®n1 PR (1 —e Past) 4 — Pint _ o PBs\2no PI2Qn1) PRÌg1 (12) 
i PI2QnitWno 


it is noted that the above formula is correct whena, > y,q9. 


3.2. Outage probability analysis if perfect SIC at user 2 
Similar to the signal sı, at user U,, the OP of the signal sz can be expressed as: 


Pe = Pr(min(7r run )<%2)=1-Pr (Ye 2 V3) R05: >y) 


= _ 13 
=|- P| Anasf >zeue > Pae <P oa 
0 


B; 


vm Bela Ali > Vos Pedy |8| > Vo> Pas > Be) 
0 


hal 
B, 


where y, = 27%2 — 1 with R, corresponding target rate of U,. The first part and the second part of (13) can 


be further computed by: 











vaese tard 
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then, other term can be given as: 
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00 1 xX 1 {+ 1 z %2 b p QO a el = 7 } o ( ) 
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by substituting (15) and (14) into (13), (13) can be rewritten as: 
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ty VOR _ 72 PI Bia —PI ( 1 y2 )- Y2 
ps — 1 — |e Pas2n142 PR?g202 (1 —e Pasan ) 4 — Pihl og PeBs\Rho 01% 142) PRAg242 (16) 
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3.3. Outage analysis if imperfect SIC at user 2 
The SINR and signal-to-noise ratio (SNR) of decoding s2 at R and at destination U, can be 


respectively written as: 




















= pgBsazlh1l? 
YR,s2 ppslfil?+1 
(17) 
= PRa2|92I7 (18) 
YRU2S2 T prlfyl2-+1 
then, the OP in case of imperfect SIC at U,can be calculated by: 
pee = Pr(min(7,., > YRD; x% ) < 2) 
SSPE (Ve > Y2 Yro, > Y2) 
Pgs% A Prah lz, E P 
ale EE a S a a 
Pala eh pe el he | (19) 
C 
2 2 
a a 
| Pr al >I, Pr |82 > Vy, Pys > a, 
Pi |E +|] Pull +l hol 
Cy 
similarly, (19) can be rewritten as: 
PE yp 12 y O =l y O -i 
Pe a eg g A (2 ae! 
Qa, Ay 
= E p y y (20) 
O QO 4 — I — a 
{ hor2 e 2 fil e (729,3Pr + Pra, ) PrbQ,3€ PpsQ2n0 Pesa? PROQ? 
P71, a, 


3.4. Asymptotic analysis 
This part provides approximate performance as extra insights in our conisdered system. 





When p > ©, it can be applied e-* ~ 1— x, then approximate performance can be archived as below. 
The approximate OP of user U,can be given by: 
00 Y p PI pPIQhr PI PPI p 
P =1-|(1- 4-4) t etn (1 te _ ) 21 
Boye PBS2hn1 PR/ PBSQho PIRI +tYRhO QnoPBS PIPBSQn1 = PR2g1 oe 


the approximate OP of user U,in case of perfect SIC can be given by: 


æ, pSIC __14_||4_ E _ Ha Pi 
ka =] l — — 
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(22) 
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the approximate OP of user Uzin case of imperfect SIC can be formulated by: 


—1 -1 
peivsic _y_|_Pr_|y__ h (2 s V£} 4] 
asym,U 5 = = 
i Pes Eho Pgs Pp,» Qa, O a, 


=i -1 

Q vQ -1 

+{ St s1 aa (1% Pr + Pra ) (23) 
PO E 


Pi i %2 
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3.5. Throughput 
In term of throughput, each user can be shown throughput performance as: 


Ty, = (1 — Py, )R, (24) 


where xE {1,2}. 


4. NUMERICAL RESULTS 

In this section, we evaluate the performance of CR-NOMA, we set power allocation factors 
a, = 0.8 and az = 0.2, the target rate is set to be R4 = 1 and R, = 1.5, the channel gains 2o = 1, Qni = 1, 
Ng = 1, Qg2 = 0.4, Qpy = Nfz = 0.001. Interference between PN and SNR is p; = 40 dB. Figure 2 and 
Figure 3 plot the OP of two secondary destinations, as varying interference level p; and power allocation 
factor, transmit SNR. Outage performance of U, is better than that of U,. It can be seen that when higher 
transmit SNR is required, outage performance will be improved significantly at considered range of SNR and 
OP meets saturation trend as SNR is from 50 (dB) to 60 (dB). 

The asymptotic curves match with the analytical curves very well at high SNR. This output confirms 
exact approximate expressions of outage probability archived for two users. It is intuitively seen that no ITC 
case exhibits lowest performance since no harmful interference from the PN exists. It can be seen 
performance gap of these cases with different data rate 1s small, it exhibit acceptance performance for such 
NOMA with acceptable small value of target rate. In addition, Monte-Carlo simulation results match with 
analytical results very well in whole range of SNR. Figure 4 proved that higher rate result in worst case of 
outage performance. In addition, as observation from Figure 5, throughput is high at high SNR and high p;. 
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Figure 2. Outage performance Figure 3. Impact of ITC on outage performance 
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Figure 4. Outage performance versus target Figure 5. Throughput performance 
rates,with p; = 20 (dB), a, = 0.9and a, = 0.1 


5. CONCLUSION 

In this paper, CR-NOMA networks over Rayleigh fading channels is studied by exploring 
the end-to-end closed-form expressions to indicate outage performance . To compare the outage performance 
of two secondary destinations, we derived expressions of outage probability and then numerical results are 
provided performance comparisons of two users in CR-NOMA network. As main result, the fairness of two 
users is satisfied as in numerical results by the proper selection of power allocation factors. Other condition is 
that interference to primary network can be constrained. Moreover, comparison results of the outage behavior 
showed that U4 performs better than Uz in considered scenarios. Finally, in the future work, we will consider 
multiple users who operate in manner of CR-NOMA network. 
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